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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a new aperiodic optical fiber 
having microstructure. 

SOLUTION: When the difference A of effective refractive index between 
a core region and clad region is e.g. a high difference of ^5%, mode field 
diameter of a basic mode of <2.5p.m becomes usually small and radiation 
light in core region becomes highly strong. In this fiber having fine 
structure, the solid core region 51 is enclosed by an internal clad region 
and further, the internal clad region is enclosed by the outer clad region 
and these clad regions have capillary voids 52 and 53 which extend in 
the fiber shaft direction and the voids 53 of external clad region have 
diameter smaller than that of voids 52 in the internal clad region and 
have effective refractive index larger than that of the internal clad 
region. 
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a-Mss#. «*©«*, f-o^5v FwaflKfitt^ 
xt a» wFauw tcESf zcttfT't&tiK c na: a 

6 ti fc 7 7 'f > c©77^ wmm 

F*-t#-Fr« *5ft»*O«^0*W gti: 

*So 

[0 0 17] 

BSMI0B»0»*] coft|fi»»0aJI#T*nttK 

*p.nsci:T'3Bs*^ ccT?jis-r«a»B3a77-i' 

/^fi, C077^^©fS (z) iltllifffiOx- 
y¥®T'ttAtSA ,; tPI OBliUf, 1^11 2 5/im©iI 
S) T'SO. 

(WAtf, 2«-F;bSfc«+U7<-F/l/0g)g) T'fe 
S„ Birks PBG77^ 

«:t|j*«jii$a*Bb (ft^bcna "ART tpftfft 
s*b ccT3«Bi'rs J ew*»aBsci:a:, c©fflii«s. 
s£-c*{ti!0i3fi&7 u-r©52^ t 
SCt^f0»Cffl©P,n, ^a®R)T^3S0-li:*#m«3 
mzmthoT'itzo . ctit^yy F^msjjg©^ 
lW147b't'lcJ:*3BSSnS'Fi'«5iS^giT'^So CUT' 
*^#e.iic©AP®% “37?i®" fcbTms-rs, 
[0 0 18] C037Wb H^-SSWtcfitFiC'tcgB 
Esn s*b *©7 7'<v4fflji04'<L>tcfes&stt* 

t'o PBG77'l’7 4037®«t«C0«33i0«U;^® 

St©T'feSo S-nti, CTx(f> •y-^X0,^T% Sfcli 
®»r¥0^T*, ©«J:?Cj£<8i4f0^o^-ftlT'tf-0 
75-y F«fia<SiSi:S*Sci:*'nIftg*t0T'feSo B 
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ffIRlfs 1 (£50 *'5 1. 4 5 (: >') 

*) fck'Ls £5lCliffi4j®;tf7Xtfcl£;**7XT*«:& 

V\ 0Ulf, ¥*?<*©£ 5 &*mtcttf8i-f % t> -otXZ 

WSf, E<g0t#i>o 

tcilDxSni-OPg^« ; E-<07r'i'7^©Sjiyn-bXi;© 
i3£14T'&£o P B G 7 7^7407-7 -y F^SMffljifcl® 
UJ^KjKw' F3=fc«7F0-y7X (IlOBfl) ‘Pic 
ES^n/craa*'©®^ (m 2 <d) tm^fsui:*' 
T't§0 

[ 0019 ] cne.<D^aifi5jt«. flj«itt7-i"f*»j* «> 
-fi>£7SHS£n5*'s ilOTWOt^ P©<P© 1 {1 
©■*M P*<t0iB37fiSWK;J:!)i5«S«nS<fc7»c®l«1t 

&*.&, 0 1 K«IS 
WCSVf <£-51;:, CC7H’i i, 3ft®W*fc0J&l;:iHM 

FT'JgfiEStl, ilCt' 

1 0 « P B G 7 7 -f /<W®Wrffi*, 1 

1 li*<Dr:7ffilSlcS\ ffiF*#* 1 21i*©75-y F«f* 
SliS7U'l'%, *J:tfl?W»l 31iC©7L"T© M # 
C®7WttMLt^ 

38®©#(fite?£3f'7i:liP15&k'o Plfi6&{t£©7 L 20 
^otpicii, 4^®#ffiis?<7)7^ j p. 6 nmmm 
^?©7 l"tt>mf<ot\. c ©f££l£0 2 1 CPM 0 W 1 C^ 

L, CC!tf§S^2 3 tt 6 ftJ&iBte^WSrSVr. 

[0 0 2 0] *#i!H.8#51*s t5ie?lffl*^lci:OS5R^ 
nfc!8Ul/''S^ft : «*'4*)ffifP'e$*C £*¥tn.L 
7c„ #1C< *?£l®#51is C®774AOx-yi (®f 
®) lcfctt5Ji8]141ii&g*'&l/'C: fc^fgMLfCo -e© 
^0C®7 7^74{i N 37««^C®37««*Htr^ 

5 -y 0 -HMSV'* afiHfr**** 

SCttfi&gT'&O, £5ici£?2£fc©s Wlxlf, 30 

-r F©£7&»M$ig©77'y FtfafiHifi^W-rsci: 
tfMT'S 0 , 7cf£LC®75-y Fft8M8iitt&'f bfc 
J§}W1t7U'i' ; S:JgfiSc-rs^gli*i/'. ®C®777F 
P¥®$jtlis 

-f 5 ® 0 , £ 5 icli 5 7 lc#*l! L ft 0 +M xXte© 

asttUR^afti/fco-rsci:^*^**. 

3$f$5*'&<l£T';&i>*M&t5©P BG7 T'f^tvm 
g&il<,'T'&5„ 

[00 2 1] 0 51ClP®^tt®aB«ii^7 7'l'/ < l®ja^ 
£SI5tf£<iiWKC0;jVfSo C©ti5i&lc«:, @ftri7ti 40 
i$5 1tf&0s FWBEHStiT* 

0, c®rtgP77-y F®#£tt3il ®77-y F1§Stt8£ 

5 2 tf&O. cniiffi*WlCfi6ftJglcEiBSttTfc 
0s ccDfiSVt^v F®«liM-gP7^'y FIHttlc^H 
SnrioOs £©^7x7 F®$icii^2©7x'y F 
5 3^5, tcti Lt®±»8H5?LTl'4 
V'o Mxlfs C©7xx FWaWJftttJRW’ FT'S 0s C 
©tf5ii©Se0«;tfxXs CTxlfs '>0;0T'3&&„ &£© 
mfis®®(i : &^if?>ts ^n^ncomi ®75-y m 

0. 833|im, ^2®^77 F&®$ » 
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j£l£ilg*'0. 6 8 8 (iinT'&Os l®^ 77 FlfSttS 

jg®tp^M®HPH«0. 9 2 5 n mT'&2><, C<Dm 1 ® 
>77 FW»M3fitt37«W5 1 ©rt&Rtf 1.017 
/xmi;*5J:7li:E@^ni.o 

[ 0022 ] c<D&ffittm<D%m%T'&tiimtb<bnz 

CfcT'&Stfs C®37®«li^7X*'P.T'tTi3 0s 

cnii^HPf^A^KWlcii;^®^^^®®^^^ 

U'o CCrt®^7?» HSWWOJW^ 5f Kia*i 

OBWF*ftfxX©tMS*'**k\, Lfc*'oTs COft 
»*?yF1JWtt, f®^77 FflnUDJHUBff 
$«i\ ft fc Li® 7 x-y Ffi«tt*©=i7*«.J:»>* 
^)®})T^A'f6®c 0 6 !Ciniie^fi51i7 7-l7<0!l©tH? 
#&X^7 F;F^Ls fcf£LC®^7Xli'>U*T'fe 
0 s ?fcia©S»6 2 li 9 4 

km©rfJ|®5D GStl) 7 7'fF®l®MX^? 
T'2 d£o 06lcMS<li:*'T'tS«fc9Ks ^^® 1 k 
m®7 7^7 J 'l±s 51^® 9 4 km®|- 1— F©fiSSt7 
iS^Ts 2 0 n mJ.;[±{JIRtfs 5 0 nm©X 
^7 P;l/®5fflT'St£lcBf{Shri>o 
[0 0 2 3] ffiifrD.fcxtes 0 51i*7 7'T/ , ;®^2© 
77-y F^fffltffijfiC-r^T^^LTttl/'Sk'o 
f,®->;aU- ->3 >T'lis 7 ><i:t4 "IT ®lfS 2 © 

if 

^s C®aMBffljfi^5*yK1H«tt, «lttiW*ffl*A'e>s 
S*Wtc7d^Wc^jgmc^i.<fc7 ; ?-©37^A'P.i- 
tf^nfcStttf-yX^-y-y Flc-tOHStiTk^. JM± 
F« Lft^Wttl»ffl#S5S7 7 4 

C©J;3 

*7 7'T^«»*W*«7 T'f/tt LT!f^lcffl©5 C 
hijkE©<};71c, C0#JSJH1£fcSJgi fc^2 
©^7 7 F1#aBlji©P#©#©c^0-ri>fe©T-® 

Os SP>lc«C©^2©77-y Flffflffiiitf 

WlcEEJ-TS C t & dJh£T';&&„ 

[0 0 2 4] -iSWlcc©MB|jg77'y F^SPSiHli 

C0777 

FfH*»e««a#»*-F*'9-3R-F-r*J:3»2®3 

7©i§@ ; &^7i)©li;i-^t x-yffi©7 F U -y 7X® 

tt, ^©tSifflt»)i77-y F* ,; e©37fi®<}:0®«A'j£ 
k> (^©x-yffiT*) 

•a-s $6ic-«awiciic©iis^ 

$ii77'y F1fSifi9iili^©<fc-51c (?-©x-y®lcfc' 

©t) «-7iJsn*itnif*6*©o -r&fc*>s (No + 
Nc ) /2«fet)*tV'«tta#f*, fcfc'LNo (iSS^: 
75-y F®S©H%®#r^^£«s ; &^o^©n7SSig? 
W±©^ffi (x-yffi) ^^72.757 F^A^ffiL 

[0 0 2 5] ^iC^©^»S U'$tt£&OffiJBtfl 
jS7 7'r^©SajSffi«rlKWrs. c©^ii^s SiS^J' 
fflv'Ttaai©^^i4®imfliji7 7'i' 
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^KiitScttfT'fSo 7'Jfj^g («*«, ns 
7b' 0 . 7 18mm, WO. 5 0 8mm, l?i'12 
'fvf-') £*©-«T»±U ctt*Bfl&?S«©EHlc 
stag^c/F^-rs. ^4>©^g*, rts©M&s 

apjxif, 7 gag, $ fcifismns© 

->MD7h', m^ois^-ri.o 7iiag£c©, fiajx 
If, 1 6 9*©7lJ*^g©g347S7 FfldtlcEt, £ 
ft**© »&?t«BEE*G58f S<fc 3 lc*©gig/S7 F 
A/'xn-yT'X-f&o ccT»6tlfc^'J7*-i»tta# 
oS3l#JP®JBiffl««icAnTco^go#S±S*in « 
&f S. 

[0 0 2 6] jS^&iSS (fflj*lf, 8?ft2 0 0 OS) 1C 
iff St, C©7y7*-A©im&«*'57 7^/<lc*® 
Slf-TS. Wittf, 7U 7*-A&3£i§S0!llf, 0. 4 
&©L3. 5mm/fr©8BBHT\ £ 5lc®3ltiaS$J 
If, 0. 2&L'L0. 5m/#©ffi3H-££S. SSSI£ 

If, ffijxlf, 7;l/:f7©<fc5fc^S14f?0^TSi^Tfc 
ns 0 aw, c®7y*^s©5tatji^ttag«ffi»a 
•eats#. £ “g" rticfcs;g«©25cei*±-rs. 

C©70 7*-Afr577'l7'lCii®3l#£n£lCLf;:;!)' ! 20 
oT, C ©£MlCff guTfiE&^ffilf $'> L, ttBSLTE 
2ilf±#-fSa c©±PHf, c©E*ai*©aiflBaMjfc 
^Lrco»±ufcg*H*' 

•if So 

[ 0027 ] -sswicc©if±Lfc@Eif, iawe 

JoT, RlT§i©BSlCC©77Y7'*^3lt£ftSlCL 
fctfo T C ©7 U * ©Bf C © 7 y * ©7L©®fflA' 

— £lc&Sf:5lc£ftS 0 c©77-f7'lf)17ir© £ fc 9lc 
iincttfT'fS, C©^g©~i&lf, 774'/^ 
glt7'7F;Mc^SMlcgfclf70F;UcLfd£lc, ft so 
itfS ££*'-£££„ C©ft±Lfcglf*©ft±Lfc£ 
«©fcfcHH/'fc**Ta&«i!>\ <C©W©[g©OT©£0 
lf£<£S, fcU'3©li£O2ll01i*©*SClc|?0U'fc3: 
ST'£0, *CTE*tt*©«ffia*«iflrr*£5± 
#L&V\, C©£3lcLT#&ftfdSjilt, HKWlc® 

1 ICTjrf f:9tc, 37Slg*'fc9£5lc7y*2M*»C2g 

gtf-f 

[0 0 2 8] CCT'&fS^Sf, BifflfiiiS7U'l'liC©l® 
IS©$®*'P^ C « fc £$ $ n« C t T 
&So c©*54«»fcSfc»»tt*S*i:i:ff’Z?* « 

So C©#^F©*i&IH©IISfii Of-yf-) If, t$lc^© 
^g©nsfc*©sMfc©HST*!>. sfcc©^mw 
j*5Xltttg»c4S©B©l9£©i8ftTa&*. C©77 
-f7<it&lf*©:/'J 7f-AOltOt-7^ >y 7T^ 
>ytCf:l534SLTi@in-rsCfc/)'T'f, £5lc*-7' 
77^/'t$£*tmnLfc9, £5lc 
IfWBr, #«fc*tf7 7^<BSlcBl,T«B{l:£ftfc 
ffi©jSft^S^lc-rSfc46lc, a* U'HStfSV'. JK 
±is^fc»ffi»tsas«fttt©7u-<«r®a-rsft*fc: 
fcS«tea«Tg*CfcttC©S«j!»©3SI#Ta&ft 50 
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lfEK>5»nsc tT'^So 

[0 0 2 9] CTxlf, 7l>*2gg©tt9lC7'ja • D-y 
K C*fcttS4SrtS©^g) L*7?i£*ffl 

v'Ti 2 icj*-f n$?© 6ftjf}y wohums?* *rrs 
jsas«iji7 7-r/^©3fi-rsici;*'T'fSo t>L<if* 
£j£*S®LT#'1' F©ft»)CBI»*5iy KtttMffifi* 
^-rS{®«ji7 7-l'/^4f.SC tA'T'^So jWS© 
»2©*W (ffijxlf, FF-77'J*) **©£l©tt 
5ft («*.«, 7U*) g©rtffitc*©*#g!rtffi£©itg£ 
i£i6&If£lcit$L, *LT*©7'J7*-.kfr577 
*'<*1*91*, fc£L*©S©*»«#ll:LftV'T, C 
txici 0C©g©377'7.£g^lC'fStf, C©£J)W 
f: 5 1C 7 7 ^ 7 <©«3 1 1 9 o 

[0 0 3 0] £6lcS;fettC©#*F*lltjKibVe©sSg 
0 f fclf f/77T'?c«-r S C i: t oJfigT- 

«S. cnif, *©&a*fcttS2©;!f5X*||l3l*iP 

*'5©ac«BLTjSttS-&TiIO#-r F1C, Jg-^lcjS 
CMElcLT, 8EA£-e, f©-ST?C04®f77,lf 
*««»caBBL*i,'J: $+«•£« < Se.^0'SS fc LT 
n^-rso «cuT?as*^aicif, ai, Pb, a u , 

Agfcf^Cu, £51Clfffi©01J©ElCff, W.H.Grodki 
ewicz 5 , Mat .Res .Bu 1 1 . ,Vol .10(10) ,p .1085(1975) 1C 

E«©fc©*W6ft*. ill^&, ^©tfvXlClf, 
» S L < If, *©${tSST'Jt®Wfg ( "®i&" ) ttS 
T?&itnif46r, cnc»L*©4sww:*©fflK 

TttKWBl'ttft-pfc*. C ©^ 2 ©«^»m 1 
©J± (MlcWft^Wfif7XJti:IBiaUc) ifRplc^© 
m i ©wRg©Bojp«©HaT*«o 
[0 0 3 1 ] £51 cSfc, Wittf, #®W14^*fflfi5jfi7 
7^7'lf, ^©^©ff^X/^it^J^T'^S^ 
^•, (^aWlclf^TLKff^X, 7 

U*y;b) *'5fe$li)i-rSiCi:T'tSo SflJtS/U** 
a*«BB-rs«*P©'/;l//y;uaic J: 0 COJ: 5 H$m 
A'nT^T'SSo • 777 FSBSg^r*^ 

U7*-i»*'5©7 7'f’7^3l$A>57 7^lc^b 

fdffiSi/'tf'i' F*n#5nsci:*^T'tSo sasa 

7 7-f’7 i !©aSiS14lf, Jiffl©)l»f^jgliSSJ7 7-r’7^©^ 

^tiRi^ic, yr'rwmmj&xtmthmtiimmiic 

££jns. ii^©7 7-f7 < ;©ii^i;lRl®lc, d7kTn 
-* • 75aU-73 
x £}#£©$3I£:SW>S c i: *'T*£ S„ 

[0 0 3 2] 2 ^Ttfcfo* 3 ^ye^aso^wtta 

*#«>sfcii)7;i/=ryxi»iWBS«nffli'6nTit'S. 

pljxlf, J D .Joannopou los 5 , "Photonic Crystals 
, Princeton University Press, 1995, ^(Cpp.127- 
129, J.B.Pendry, J .Modern Opt ics . Vo 1 .41 (2) ,p .209(1 
994) , K .M .Leung ,J .Opt ical Society of America .Vol . 
10 (2)p .303 (1993) , *'ptf5tlS. d>tfn-7 • 7 
5 a 7 — 7a 71c if, -®Wlc, SIKSaffilCiS^^ 
h;U • v-yi7x7x;l/^©^^^, ji @-TS?g«© 
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Lfctf^TZCDffil&tDytnfcMlc 

M?%fL±* 1f$8£4i*. fCf, C07 7X240$ 

{HJftJgtf, fcf£L7lyX0**fW4t>#fc, ®#t^M, 31 
2 mnnw, i (tfcii^Fvwim) 

#tf370l4«£, ®«§j£7 7X2403rg0ttK£t# 
£<}:■?, ^thrsctA'T'fSo 
[0 0 3 3] JI& (®#t^&SD OK7r^^«, W 
iln7i;77'y FR30®ffr^MA tf®*T'&24— tiX F 

c natter, a 

#3*5224—1 by FU-t©^, -XViOVt-F • 77X 10 

240**;# A #tiip-f £> 1 1 1 IC^L < t@torf SfcftT' 

&s 0 £C3#, 3SMl»jl7 7X24ic:i30Ti#, CCD® 
#T^Ml#fcofc*t<, If'XtfeS^-bVhCg 
#nJ8iT*255<, £6>£l#SS3ffl$S)l7 7X2 4« N 1^0® 

7 (Mil#, J«Wt, UlitXXX, S20ttWl® 
WROttm. 37CD14S) fclTU cns!flBttB#Bfi7 
7^'W)lStmiC*f^tl-©£Et3JS£4*, 

7 7X24£g7< *lT$T24XX0i^14£Ji#rf£o 
[0 0 3 4] Mil#, «W«ifi77>f/<Ttt**V'WIS! 20 
cDSST^S^fiJfflSJilT'* *fci&, [»aajS7 7'l'^tt 
(*6*NItLT) ?3iS^fiSi«rWr«)«t51# 

ftHig-f & Cttf BimV&Zc ^CT'3»fffl<ff)i77X24 
li, ftf»xa-7*S«ffl£#i&, Jfc7 7X24a«S'Xf- 

sc t #T 

f5„ ®3(C7 1 d7 7'l'2i:a<i'>XxA3 oeu^aswtc 
*L, CCT'&ft8§3K ifcftA (Mil#, 1. 3£fc 
til. 5 5 (Ira) cDfi^®3 2, *627 74^3 3, 
ft*§£8§3 4, 2&£g£0»ffll#j£7 7 X 243 5. 2 6> 
&3ft<sa77 X 24 3 6fc#:tf§(i§33 7^-en^ft^ so 
•To m<omn<o^m (Mil#, ««««, tfxtrxx- 
U— tf, ft7X7b-2, 77-yX-XU— x- 
WDM&if) lia^Tf&X-S#, CCt'tt0iUj:i/', 

[0 0 3 5] (DC) 7 7X24 

li, ^i>g^0(£a77 X 24O^-{S!(^MfR'ri)J:9) , 67 
7X24afii/X7AT-fflV'5.ni.7 7X24i:bTS]e)n 
TV'S, Ixd DC77X24£ffll,'Tl. 3^m«a 
(liSSIE0T'lR/hcD^fS%W'r«)) , e7 7 X 24d; DJX±0 
1. 5 5 2>CfctfT't£. COE 

i£7 7X24{£ N Mil#, &5 1 7 p s /n m • k m0&5# <o 

MWU ^*0DC7 7 X 24ii N Miff, 15-1 50 
p s/nm • k m0fe#8Sl ; & : fi''7'5o ^C 7?a'^0&^ 
(Mil#, 1 2 0 km) 0<5jM7 7 X 240^j|J{^JfS{£I-r 

«fc»lC»ilt«WSk' (Mil#, 1 3. 6 km) $3fc0 
DC7 7 X 24#a#!&gT'2D£Ci:#gllC##-5o C 

nicftLT. ?S^1«^7 7X24iilt®65^$i/' GESfc 
hm<d, fiffgtjsu) 3 # -5 idatt-r- # , 

Mil#, (Mil#, 1. 3 km) «?<0M 

t«ig 7 7 X 2 4T'M££ 7 7X2 40^fa^S1iffJ-r % c t A' 
T-#5„ 
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[0 03 6] D C 7 7 X240^ff0mg&& 

fHi, ZtDzTcDSEfRV&^T. Cftli'XO* (®St^ 
#*51. 4 5) #6>->'J ^tCtt^V'SSr^^WT?.^ 
^ (Mil#, S i) fgB^tSCfc#?#, Miff. 
>1 o%0**ir'S^B®r*B*4i*C £#?**. 
COKttOMIIIKOb'Tfi. 3t fa-^ •*>5aU-'> 
a vicJ:*)ef35]07iffi. a#!#^ F;F • v-y 7X7x 
;l/S0fi?)£lc<}:D, ;£i6&c2:#T'#i>o S5lci£< 
[®«ifi5ji77 X24 ft, ^A7 7 X 24fcLT^{CgS 
tf-P t ®# Tlifc < , C 0iS A tcijPi T £ fttt&fSIt 7 
7X24^ L < l#f$±3I F— 737£ : Prf 3 £ 7fiH-f & 
Cfc#T'£5, KA2:ft!®JStt3 7£Wr£^fflit7 
7X24tt|p»fc*ST?*0, 2:V'-?0l#C0#:9&7 7 
X24&/Jv£0 (Mil#, 2. 5jimiXT) 0-t— FflO 
«Mtfttf3fcfc5i. Z<or:t!>ctD=i7?ltffi%®l&t% 
D, <5raLTX-07 7X24T'(i^^JB14*' ! lil)P'7So 
[0 0 3 7] 26 tc&fcfi 7 7 X 24 • 77 -y Xfifttt® 
iRft, -ffcfe-fc, Mil#, -t— Fn-y 777 X 24 • U- 

7 fcfcffH^l;: fijffi T f £ 72 4X X V tb 3 #, cn^rft?) 
ci:*'RT^t*So )tSf£1t37*#-r5S5AS[aBMjg 
7 7X240^3® JB1S1C#; D f7t7 7 X 24lcfcl#5) l 6- 
* - XX -y ^ > XA\ 77 7 y S ftltUffi X 
U— f-i'XX^fflV'SC tfc<i:9®%£&Zo CODJiv 
ts.7 7X 24(3:, Mitf, Ge, B Sfcfi S n F-737 
^rWL, CO370)tSJ5tt ; S:Jilni'r«fcJ&. XU-r 
-<XX "7X74VX’ 0Mlca#KS]0Hz fecfcCf/ 
ffctiDz auitffTtottSo !SAi:#±aF-737* 

^-fS^ifflaiS7 7 X 24{i, Mil#, ®51C^X#7* 
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